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5 Claims.

This invention is concerned with the decom-
position of alkali metal amalgam in the presence
.of water or an alcohol having less than four car-
bon atoms to form alkali metal hydroxide or
alcoholate. ’

I have discovered that the decomposition of
amalgam of sodium, potassium or lithium with
water or alcohols having less than four carbon
atoms is facilitated to a pronounced degree if the
amalgam and the water or alcohol are passed
through a tower containing a decomposition elec~
trode in the form of a packing of electrically con-
ductive material with which mercury does not
amalgamate substantially and which is preferen-
tially wetted by the waber or alcohol, under con-
ditions such that the packing is submerged in
the amalgam and the water or alcohol forms a
thin moving film on the packing and travels coun-
tercurrent to the amalgam through the tower.

Thus my invention contemplates, in a process
- involving reaction of alkali metal from amalgam
with a liquid selected from the group consisting
of water and alcohols having less than four car-
bon atoms per molecule, the improvement which
comprises passing the amalgam and liquid in
countercurrent contact with each ofher through
a space containing an electrode in the form of a
packing of electrically conductive material with
which mercury or the amalgam does not amal-

gamate substantially and which is preferentially ¢

wetted by the liquid so that the liquid forms a thin
moving film on the packing. Preferably, the
packing is in such form that it provides a plurality
of tortuous passages or channels, the walls of
which are defined by the packing itself. In oper-
ating this process, the liquid preferably is passed
upwardly in the tower while the amalgam is
‘passed downwardly, and improved results are ob-
tained- if the packing is flooded by a downwardly
moving stream of mercury or amalgam through
which the liquid passes in countercurrent.

My invention further contemplates, in appara-
tus for reacting alkali metal from an amalgam
thereof with a liquid selected from the group
consisting of water and alcohols having less than
four carbon atoms per molecule, the combination
which comprises a tower, an electrode disposed
in the tower and consisting of packing providing
a plurality of passages through the tower and
formed of electrically conductive material with
which mercury does not amalgamate substantial-
ly and which is preferentially wetted by the lig-
uid, a conduit for admitting the amalgam to the
tower, another conduit for admitting the liquid
to the tower, a third conduit for withdrawing
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mercury from the tower, a fourth.conduit for

withdrawing hydrogen gas.from the tower and a

fifth conduit for withdrawing the liquid product -
of the reaction of the alkali metal and the liquid .
from the tower. The packing, conveniently, may
be of graphite. Preferably, the amalgam is ad-
mitted to the tower adjacent the top thereof
while the liquid is admitted adjacent the bottom
of the tower. The mercury in such case should
be withdrawn from a lower portion of the tower,
preferably through a conduit the outlet of which
is substantially lower than the inlet of the conduit
for mercury infto the tower. 'The conduit for
withdrawing hydrogen gas preferably communi-
cates with the tower adjacent the top thereof
and the conduit employed for withdrawing the
liquid product of the alkali metal and the liquid
(alkali metal hydroxide or alcoholate solution)
preferably communicates with the tower near the
top thereof.

In the preferred form of my apparatus, there
is an annular chamber around the upper portion
of the tower. Communication between this an-
nular chamber and the tower is afforded by
means of apertures in the tower wall, at three
or more different levels. With such an apparatus
the amalgam may flow from the annular chamber
into the tower through the lowest of the three
levels, with hydrogen flowing from the tower into
the chamber at the uppermost level and with hy-
droxide or alcoholate solution flowing into the
annular chamber at an intermediate level.

A preferred practice of my invention is de-
scribed in detail hereinafter with reference to the
accompanying Figure 1 which is a diagrammatic
vertical section of a tower through which sodium
amalgam and water are passed in countercurrent.

Fig. 2 illustrates a, modified form of the appara-
tus of Fig. 1 provided with an improved means
for withdrawing mercury.

The tower of Fig. 1 comprises a vertically dis-
posed shell 10 of uniform cross section.. The shell
may be constructed of any material that is not
attacked by the materials passing therethrough.
Thus, the shell may be in the form of a holiow
cylinder of iron or ceramic closed at both ends.
The shell is packed throughout with electrode
material #{ that is electrically conductive, non-
amalgamating and preferentially wetted by the
water or alcohol. Graphite is a suitable material
and in the apparatus illustrated the packing is
formed of irregular shaped pieces of graphite
about 3 inch in size. The interstices between
the pieces form a plurality of tortuous passages
from top to bottom of the tower.
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The upper portion of the tower is surrounded
by a closed annular chamber 12 that communi-
cates with the interior through three rows I3,
14, 15 of holes drilled through the shell at differ-
ent elevations. The holes are smaller than the
pieces of packing and, conveniently, may be
about % or gt inch in diameter. A conduit 16
for introducing sodium amalgam to be decom-~
posed is connected to the annular chamber near

_the bottom thereof adjacent the lowermost row
13 of holes, A second conduit 171 for withdraw-
ing the product (say, sodium hydroxide solution)
is connected to the side of the annular chamber
at approximately the level of the intermediate
row {4 of holes and g third conduit 18 for with-
drawing hydrogen is connected to the top of the
annular chamber above the upper row 15 of holes.

The liquor (say, water) to be reacted with the
amalgam iIs introduced into the bottom of the
tower through an inlet pipe 19. The liquid must
be introduced under a pressure sufficient to
overcome the head of the contents of the tower
and a pump (not shown) may be employed to
force the liquid into the tower.

Mercury from which the sodium has been re-
moved is withdrawn from the lower portion of
the tower through a riser pipe 20 that passes
upwardly through the tower to a point below the
annular chamber and thence through the shell.
An inverted collector cone 2§ is disposed below
the riser and serves as & well in which the mer-
cury collects prior to withdrawal through the
riser. The cone also serves as a seal to prevent
water from entering the riser and leaving with
the spent amalgam and as a distributor to cause
the water entering through the-inlet pipe 1§
to spread throughout the cross section of the
tower.

In the operation of the apparatus, sodium
amalgam from an electrolytic cell, not shown,
or other suitable source is admitted into the low-
er portion of the annular chamber and flows
through the lowermost holes into the interior of
the tower. Sufficient amalgam is introduced
into the tower to flood it, that is, to submerge
the packing. Water or alcohol is forced into the
bottom of the tower under pressure sufficient to
overcome the head of amalgam in the tower.
The water or alcohol is lighter than the amalgam
and mercury and tends to rise in the tower
countercurrent to the amalgam flow. Reaction
takes place between the amalgam and the water
or alcohol so that as the amalgam travels down
the tower it loses its sodium content until it is
substantially mercury where it collects in the well
to be withdrawn through the riser. The reac-
tion between the water or alcohol and the sodium
of the amalgam produces sodium hydroxide or
sodium alcoholate, as the case may be, together
with hydrogen gas. The hydrogen gas and the
resulting solution of sodium hydroxide in water
or sodium alcoholate in alcohol both rise toward
the top of the tower. The hydrogen rises to
the uppermost row of holes and passes there-
through into the upper portion of the annular
chamber from which it is withdrawn. Sodium
hydroxide or alcoholate solution passes through
the intermediate row of holes into the annular
chamber and thence is withdrawn into the con-
duit provided for this purpose.

Since the water or alcohol preferentially wets
the surface of the graphite electrode packing, it
follows a path which takes the form of an up-
wardly moving thin film of solution on the elec-
trode surfaces. This film moving up through
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the tower decomposes the amalgam in a most
efficient way since the flim is continuously re-
plenished. The violent evolution and rise of
hydrogen inside the tower tends to carry the
amalgam as well as the other fluids in an up-
ward direction. However, this tendency may be
overcome by employing a tower of relatively large
cross section in order to give more space for the
escape of hydrogen or by increasing the head of
amalgam on the tower,

The means provided for withdrawing the mer-
cury from the tower is particularly suitable since

- it insures that the tower packing will always be
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flooded with mercury or amalgam. The height
of the sodium amalgam inlet above the mercury
outlet represents the head required to force the
amalgam countercurrent through the rising
hydrogen and solution of hydroxide or alco-
holate. )

Fig, 2, which is a fragmentary vertical section
through the lower portion of a tower similar to
that of Fig., 1, shows a preferred means for
withdrawing mercury from the tower. Water or
alcohol to be reacted with the amalgam is, as in
the case of the apparatus of Fig. 1, introduced
into the tower through the inlet pipe {9 in the
bottom thereof and is distributed throughout
the tower cross section by an inverted cone 23
disposed immediately above the inlet. An an-
nular jacket 24 is disposed around the lower
portion of the tower. Mercury enters this jacket
through a row of holes 25 in the uppexr portion
thereof and is withdrawn through an upwardly
extending riser pipe 26 that communicates with
a lower portion of the jacket, which acts as a seal
to prevent the water or alcoholate from escap-
ing with the mercury. Otherwise, the gpparatus
partially illustrated by Pig. 2 is the same as that
of Fig. 1, -

It should be noted that in practically every
case the packing will have specific gravity lower
than that of the mercury or the amalzam, so that
there will be a tendency to buoy the packing up-
wardly, If the packing is composed of a plural-
ity of pieces, which is the more convenient form,
it should have sufficient mechanical strength to
resist crumbling and should be so confined in the
tower that it will not crowd into the upper por-
tion thereof to the extent that it interferes with
flow through the tower.

Iclaim:

1. In a process involving reaction of alkali
metal from amalgam with a liquid selected from
the group consisting of water and alcohols hav-
ing less than four carbon atoms per molecule,
the improvement which comprises passing the
amalgam and liquid in countercurrent contact
with each other through a space containing an
electrode in the form of a packing of electrically
conductive material with which mercury does not
amalgamate substantially and which is prefer-
entially wetted by the liquid, the packing being
maintained submerged in a pool of the amalgam,
and the liquid moving through the amalgam and

_bassing over the packing in the form of a thin

film.

2. In a process involving reaction of alkali
metal from amalgam with a liquidq selected from
the group consisting of water and alcohols hav-
ing less than four carbon atoms per molecule, the
improvement which comprises passing the amal-
gam and liquid in countercurrent contact with
each other through tortuous passages in an elec-
trode in the form of a packing of electrically con-
ductive material with which mercury does not
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amalgamate substantially and which is preferen-
tially wetted by the liquid, the packing being
maintained submerged in a pool of the amalgam,
and the liquid moving through the amalgam in

the form of a thin fllm on the walls of the pas- _

sages deflned by the packing.
3. In a process involving reaction of alkall
metal from amalgam with & liquid selected from

the group consisting of water and alcohols having .

less than four carbon atoms per molecule, the
- improvement which comprises passing the amal-
gam and liquid in countercurrent contact with
. each other through a tower containing an elec-
trode in the form of a packing of pieces of elec~
trically conductive material with which mercury
does not amalgamate substantially and which is
preferentially wetted by the liquid, the packing
being maintained submerged in & pool of the
amalgam, the amalgam in the pool moving
downwardly through the tower, and the liquid
moving upwardly through the downwardly-mov-
ing amalgam and over the packing in the form
of a thin fllm. . _

4. In a process involving reaction of alkali
metal from amalgam with a liquid selected from
the group consisting of water and alcohols hav-
ing less than four carbon atoms per molecule,
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the improvement which comprises passing the -

-amalgam and liquid in countercurrent contact
_with each other through a tower packed with

pieces of graphite, which form tortuous passages
therethrough, ‘while the pieces of graphite are
maintained submerged in & pool of the amalgam,
the liquid moving through the amalgam in tue
form of a thin film on the walls of the tortuous
passages formed by the pieces of graphite.

6. In a process involving reaction of alkall
metal from amalgam with a liquid selected from
the group consisting of water and alcohols hav-
ing less than four carbon atoms per molecule, the
improvement which comprises passing the amal- -
gam and lquid in countercurrent contact with
each other through a plurality of channels in a
packing of electrode material which is electri-
cally conductive and with which mercury does
not amalgamate substantially but which Is pref-
erentially wetted by the liquid under conditions
such that the liquid forms a thin moving film on
the packing, the packing being maintained sub-
merged in a downwardly moving pool of amal-
gam through which the liquid passes in counter-
current. :
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